Lake Fukami-ike is a small lake having a maximum depth of 8.5m, and is well protected from the
wind.
Lake water stratified from March to October and circulated from November to Mardi. Anoxic condition prevailed below 4-5 in depth from April to October. From 1956 to 1957, SHIMODAIRA found that the amount of chlorophyll-a in the euphotic layer was low during the stagnation period, and high during the circulation period.
The same pattern of seasonal change in chlorophyll-a was observed in this study. It was suggested that such a seasonal change in chlorophyll-a amount might be caused by 1) the interruption of upwards nutrient transportation from the tropholytic layer due to a distinct stagnation of water and the consumption of nutrients by photosynthetic sulfur bacteria growing near the top of anoxic layer in summer, and 2) the sequential change of circulation and stagnation of water which gives a favorable condition for phytoplankton growth in winter.
Introduction
Lake Fukami-ike is a small lake in central Japan. The lake is located at the bottom of a basin and is well protected from the wind.
From 1956 to 1957, SHIMODAIRA (unpublished) studied the seasonal change of chlorophyll-a content, and found that the amount of chlorophyll-a in the euphotic layer was low during the stagnation period, from April to September, and high during the circulation period, from October to March. 
Area Studied and Method
Lake Fukami-ike locates 484 m above sea level and has an area of 2.2 ha and a maximum depth of 8.5 m (Fig. 1 ). There is no inflowing stream in this lake, but it receives the runoff water from paddy fields, orchards and a certain amount of domestic sewage.
The lake water is used as an Water samples were taken with a vinyl tube and a hand pump from every 0.5 m or sometimes every 0.25 m. For nutrient analysis and chlorophyll measurement, the sample water was filtered through Whatman GF/C glass-fiber filter immediately after the sampling and the filters and filtrates were stored at -20°C until chemical analysis in the laboratory.
Dissolved oxygen was determined by the Winkler technique, the total carbon dioxide by SATAKE et al. (1972) with infrared CO2 analyzer and the hydrogen sulfide by iodometry after precipitated with cadmium carbonate.
Nitrate was measured by WooD et al. (1967) , nitrite after BENDSCHNEIDER and ROBINSON (1952) and ammonia by the method of SAGI (1966) . Inorganic phosphate was determined by MURPHY and RILEY (1962) . Chlorophyll-a was measured by the fluorometric method of HOLM-HANSEN ct al. (1965) .
Relative values of bacteriochlorophyll were determined by measuring the difference of in vivo absorbance between 720 and 650 nm for the concentrated suspension of lake water with Nuclepore filter (pore size 0.4 fzm). The absolute amount of bacteriochlorophyll-c and -d was determined by the method of TAKAHASHI and ICHIMURA (1968 (1974) and GORLENKO (1970) .
In situ gross production was determined by light and dark bottle oxygen method. The production was measured from the surface to 3 m depth. Carbon uptake was measured by '4C technique of STEEMANN NIELSEN (1952).
3, Results
3-1. General features 1) Light: Secchi disk depth was deep (about 1 m) during the summer stagnation period and shallow (about 0.511) during the circulation period. One percent optical depths ranged from 2.5 to 3.21n in summer and 1.8 to 2.5 m in other seasons.
2) Water temperature ( Fig. 2) : Lake water stratified from March to October forming a distinct thermocline between 3 and 5 m depth, and circulated from the end of November to March.
In August, the temperatures of the surface and near the bottom were about 28° and 10°, respectively. On the other hand, in January the water temperature was about 4° to 6° throughout the water column.
In cold winter, the lake was covered with thin ice from the end of January to early February.
3) Dissolved oxygen and hydrogen sulfide ( Fig. 2 Seasonal change of hydrogen sulfide in 1979 was given in Fig. 2 . The highest H2S concentrations, 8-9 mg Sl-', were found in August.
It is interesting to note that the hydrogen sulfide was often detected even above the tipper limit of anoxic layer, as already described by SoROKIN (1970) 10 to 50 fig at. N•l-', were generally observed from October to May, and lower ones of 1 leg at. N-1' -or so were observed from August to early October (Fig. 3) . High concentrations of NO a , about 501~g at. N-1',were observed from the end of June to early July, probably because of the runoff from the surrounding area in the rainy season. NO2 concentration was also relatively high (1 to 2 ,e g at. N • l-') during the circulation period, and low (0.2 to 0.8 /2g
at. N • l-') during the stagnation period. However, remarkably high values (3 to 5 ~~g at. N • l-') were found above the anoxic layer in April and June. In the upper layer, NH4 and P01 (Fig. 3) were generally high during the circulation period (2 to 10 /2g at. N • l-' and 0.5 to 3 dig at. P • l-') and low during the stagnation period (below 1 /2g at. N-1' -and below 0.51~g at. P-1'). -NH 4 and P01 in the anoxic layer reached 500 /.Lg at. N • l-' and 60-70 ,ug at. P-l-', respectively.
3-3.
Chlorophyll and production
Values of chlorophyll-a from 50 to 100 or more were observed during the circulation period, whereas values of only 20 /2g-l' or so were obtained in the upper layer during the stagnation period (Fig. 4) . 287 If we compare the seasonal change of chlorophyll-a amounts in the water column from the surface down to 3 m depth during 1978-1979 with that during 1956-1957, there is no difference in seasonally changing pattern between both periods.
However, the chlorophyll-a amounts in 1978-1979 were higher than in 1956-1957 (Fig. 5) phyll-a value in Fig. 4 was not attempted because of the low accuracy of in vivo technique employed for bacteriochlorophyll determination.
Results of gross production measurement by the oxygen technique, from the surface down to 3 m depth, were shown in Fig. 7 with the data obtained from 1956 to 1957.
The period of in situ exposure in this study was different from that of 1957-1958. In the case of 1956-1957, the exposure period was from noon to noon (24 hours), and in this study, from 11 a. m. to 3 p. m. (4 hours).
If we consider the difference in exposing time, the daily gross production in 1978-1980 might be about two times that of 1956-1957. This suggests the progress of eutrophication in this lake. In spite of above difference in values, there was no marked difference in the patterns of seasonal change in gross production between both periods.
To clarify the significance of photosynthetic sulfur bacteria in the photosynthetic production in this lake, 14C02 uptake was determined.
Results of in situ 14C02 uptake measurement on 29 July 1979, were shown in Fig. 8 . A high carbon uptake by phytoplankton (1.6 mg C • l-1 • day-1) was observed at the surface, but the carbon uptake by green sulfur bacteria was very 1956-1957 and in 1978-1980. low (0.04 mg C .1 -I at 4 m depth), in spite of its high standing crop. In addition to above experiment, the dependency of bacterial photosynthetic activity to the light intensity was determined by exposing the sample water of 4.8 m depth, where the bacteriochlorophyll concentration was the highest, at 0, 2, 4, 4. 5, 4. 75, 5, 6 and 8 m depths after adding I4C. As clear from this figure green sulfur bacteria showed the highest carbon uptake (0.33 mg C•l~I •day-I) at the surface. Considering the results of this experiment, on 24 September 1979, the sample waters taken from 0, 1. 5, 3, 3. 5, 4, 4. 5, 4.75 and 5.5 m depths were exposed at 3.51n depth, the layer of 3°;0 optical depth, from sunrise to sunset (Fig. 9 ). In this case, the maximum carbon uptake rates in the light and in the (lark were obtained for the sample of 5.0 in where the bacterio-chloropyhll concentration was the highest. if the vertical mixing of water continues, the net production will become very low or negative, because the depth of mixing will exceed the depth of the euphotic layer (2 m or so), and the total amount of respiration in the water column will become equal or exceed the amount of photosynthesis and Bacteriochlorophyll in Lake Fukami-ike as discussed by SVERDRUP (1953) There are many informations describing the significant contribution of photosynthetic bacteria in the carbon uptake in lakes (SOROKIN,1970; TAR AHASHI and ICHIMURA, 1968; MATSUYAMA and SAIJO, 1971) . In this lake, however, the in situ photosynthetic activity of photosynthetic bacteria was very low compared with that of phytoplankton, in spite of a large population of green sulfur bacteria. This might be caused by the insufficiency of light at the dense layer of green sulfur bacteria when the in situ photosynthesis was determined, while con-291 siderably high photosynthetic activities were obtained when the deep sample waters (from 4.5 and 5 m depths) containing high amounts of bacteriochlorophyll were exposed to a little stronger light (at 3.5 m depth) as shown by the experiment on 24 September 1979. Consequently, it can be surmised that an accumulation of green sulfur bacteria took place in early summer when the underwater light condition was more favorable for the photosynthesis, i. e. under a little more transparent condition of lake water.
Discussion

